In budding yeast, a mother cell can produce a finite number of daughter cells over its life. The accumulation of a variety of types of damaged components has an impact on the aging process. Asymmetrical inheritance during cell division causes these aberrant intracellular constituents to be retained in mother cells and prevents them from segregating to daughter cells. However, the understanding of asymmetrical inheritance of individual proteins that are damaged or old age, and their relevance to the aging process, has been limited. The aim of this study is to propose a proteomics strategy for asymmetrical inheritance of preexisting proteins between mother and daughter cells. During synchronous culture for one generation, newly synthesized proteins were labeled with stable isotope amino acids to discriminate preexisting proteins originally expressed in mother cells, followed by separation of mother and daughter cells using a conventional method based on biotin labeling. Isotope incorporation ratios for individual proteins were quantified using mass spectrometry. We successfully identified 21 proteins whose preexisting versions were asymmetrically inherited in mother cells, including plasma membrane transporter involved in the aging process and organelle-anchoring proteins related to the stress response to misfolded proteins. Thus, our approach would be useful for making catalog of asymmetrically inherited proteins.
Introduction
Biological components are asymmetrically distributed into two types of cells (e.g., mother and daughter cells) after cell division, giving rise to differences in quality and quantity of organelles and biomolecules. Asymmetric inheritance of biological components during cell division has been observed in a variety of components, leading to distinct fates of the two cells, such as differentiation and cellular aging. Old-age mitochondria are distributed into daughter cells that are becoming differentiated with particular functions, contributing to the rejuvenation of the organelles in mammalian stem cells (Katajisto et al. 2015; Suomalainen 2015) . Mitochondrial volume per cell size decreases as yeast cells age due to asymmetric segregation between mother and newborn daughter cells (Rafelski et al. 2012) . During mammalian neurogenesis, old mature centrosomes are asymmetrically retained in progenitor cells rather than differentiating cells (Wang et al. 2009 ), whereas in budding yeast, old spindle pole bodies (functionally equivalent to centrosomes) originally localized in mother cells are predominantly inherited by emergent daughter cells (Khmelinskii et al. 2012) . Preexisting nuclear pore complexes (NPCs) have been found to be preferentially segregated to mother cells (Shcheprova et al. 2008) . Quantitative differences are also observed in asymmetric transport of many mRNA species (Long et al. 1997; Takizawa et al. 2000; Shepard et al. 2003) . Thus, a variety of biological components are asymmetrically inherited during cell division, varying by individual components and cell types.
Asymmetric inheritance of biological components can impact the replicative aging of budding yeast, in which the replicative life span is defined as the number of daughter cells that a mother cell can produce before senescence (Steinkraus et al. 2008) . Extrachromosomal ribosomal DNA circles, known to be associated with the aging process for budding yeast (Sinclair & Guarente 1997) , are retained in mother cells (Kennedy & McCormick 2011; Higuchi-Sanabria et al. 2014; Nystr€ om & Liu 2014a) . Mitochondria damaged by oxidative stress, which are involved in aging (Shigenaga et al. 1994; Lai et al. 2002; Ugidos et al. 2010) , are preferentially segregated into mother cells (McFaline-Figueroa et al. 2011) . Damaged proteins, like aggregates of misfolded proteins and oxidized molecular species, which can affect cellular aging, are also preferentially localized in mother cells (Aguilaniu et al. 2003; Erjavec et al. 2007; Liu et al. 2010) . Taken together, asymmetric inheritance for individual damaged components seems to have an influence on replicative aging of the mother cells and lead to the generation of rejuvenated daughter cells with less damage (Higuchi-Sanabria et al. 2014; Nystr€ om & Liu 2014b; Sontag et al. 2014) .
In recent years, proteomics analyses have shown alterations in protein abundance and its expression control in aged organisms, providing insights into the association of individual proteins with the aging process (David et al. 2010; Mao et al. 2010; Walther & Mann 2011; Reis-Rodrigues et al. 2012; Janssens et al. 2015; Vukoti et al. 2015; Walther et al. 2015; Narayan et al. 2016) . However, proteomics studies on asymmetric inheritance for individual damaged or old-age proteins likely to influence cellular aging have been limited. Thayer et al. (2014) recently identified long-lived asymmetrically retained proteins (LARPs) that are old-age proteins retained in aged mother cells of budding yeast that underwent approximately 18 times of cell divisions. The approach for LARPs identification is applicable for large asymmetry, but not for a modest difference, which would be below the detection limit after many cycles of cell divisions. Proteome-wide analysis for asymmetry of individual protein abundance between mother and daughter cells of budding yeast has recently identified mother-enriched proteins, but not addressed qualitative asymmetry or a difference in protein age (Yang et al. 2015) . In the present study, we proposed an originally developed strategy that focuses on qualitative asymmetry and enables us to detect a modest difference in protein age, which can extend catalog of asymmetrical inheritance of preexisting older proteins between mother and daughter cells of budding yeast.
Results and discussion
Strategy for the identification of asymmetrically inherited preexisting proteins between mother and daughter cells
To identify asymmetrically inherited preexisting proteins that were originally expressed in mother cells before cell division, we conducted a mass spectrometry-based approach in which newly synthesized and preexisting proteins can be distinguished, and mother and daughter cells can be efficiently separated (outlined in Fig. 1A) . Initially, the surfaces of yeast cells in the G 1 phase are labeled with biotin. Yeast cells are then allowed into synchronous culture in a medium containing a stable isotope amino acid ( 13 C 6 -leucine) for a period of one generation to label newly synthesized proteins, which thus distinguishes preexisting proteins expressed before cell division from newer proteins produced during one cycle of cell division. The cell population is bound to streptavidin magnetic beads and applied to a column with a magnetic field in order to separate mother and daughter cells. Because the majority of cell walls of daughter cells are newly synthesized, daughter cells are free of biotin on their surfaces (Smeal et al. 1996) . Therefore, daughter cells are enriched in the flow-through fraction, whereas mother cells are enriched in the adsorbed fraction. Finally, proteins extracted from yeast cells in each fraction are digested into peptides and subjected to a liquid chromatography-tandem mass spectrometry (LC-MS/MS) analysis to quantify the labeling (heavy-to-light) ratio of the individual proteins. Heavy-to-light ratios are compared between mother and daughter cells to identify asymmetrically inherited preexisting proteins. We used two distinct methods to obtain G 1 phase cells and perform synchronous culture. In method 1, the yeast cell cycle was arrested in G 1 phase by a-factor, which is a mating pheromone in budding yeast. In method 2, newly born virgin cells, which are daughter cells immediately after the division from the mother cells, were collected as G 1 phase-enriched cells by biotinylation-based cell separation. Cell separations after synchronous culture and mass spectrometric analyses were performed in independent biological triplicates (datasets 1, 2 and 3) for both synchronization methods. It was shown that the extent of synchronization of yeast cell culture and the purity of the separated mother and daughter cells allow us to identify asymmetrically inherited preexisting proteins during cell division (Figs S1 and S2 and Doc. S1 in Supporting Information).
Asymmetrically inherited preexisting proteins preferentially retained in mother cells
The numbers of proteins for which we successfully quantified labeling ratios from two or more precursor ions were from 1032 to 2071 (Table S1 in Supporting Information). We compared the heavyto-light ratios for individual proteins between mother and daughter cells and defined differentially labeled proteins as having z-scores greater than 2 (Fig. 1B and Fig. S3 in Supporting Information). Mother (heavy/light, log 2 ) Figure 1 Strategy for the identification of asymmetrically inherited preexisting proteins between mother and daughter cells. (A) Schematic experimental procedures to separate mother and daughter cells and quantification of asymmetrical protein inheritance using mass spectrometry. Yeast cells in G 1 phase were collected and labeled with biotin and then grown in the presence of 13 C 6 -leucine for one generation. After streptavidin magnetic beads were bound to biotin-labeled mother cells, mother and daughter cells were separated using a column with a magnetic field. Total proteins from each cell population were digested into peptides. And then the fraction of the incorporated 13 C 6 -leucine into each protein was quantified by LC-MS/MS analysis and compared between mother and daughter cells. (B) Comparison of heavy-to-light ratios for individual proteins between mother and daughter cells. Circles colored in red denote differentially labeled proteins with z-scores greater than 2 (refer to Supporting Information for details). Representative results of two synchronization methods (methods 1 and 2) are shown here.
First, we attempted to identify proteins with lower heavy-to-light ratios in daughter cells, meaning that preexisting proteins were preferentially inherited by daughter cells. A previous study reported that many components of the NPC are older in daughter cells (Khmelinskii et al. 2012) . Despite that expectation, however, we were scarcely able to find any such protein with reproducibility in two or three datasets. This is likely explained by the modest differences in protein age between mother and daughter cells (Khmelinskii et al. 2012) , which may result in insufficient reproducible quantification in our mass spectrometric analysis. An increase in sensitivity and coverage of mass spectrometric analysis and, in addition, further improvement in purity of the separated cell populations, may enable our strategy to identify more proteins of that kind.
Next, we identified differentially labeled proteins with lower heavy-to-light ratios in mother cells, meaning that preexisting proteins were preferentially retained in mother cells. We successfully found 18 and 17 such proteins with reproducibility in two or three datasets in synchronization methods 1 and 2, respectively. For these proteins, the fractions of preexisting older (light form) and newly synthesized protein (heavy form) occupying the total abundance of each protein were compared between mother and daughter cells. The proteins that showed significant differences (two-tailed t-test, P < 0.05) in two or three datasets in each synchronization method were defined as asymmetrically inherited preexisting proteins preferentially retained in mother cells ( Fig. S4 in Supporting Information). We found a total of 21 such proteins, among which 14 proteins were found in synchronization method 1 and 13 proteins were in method 2 (Table 1 and Fig. 2A ). The fractions of preexisting older versions of six proteins (Bgl2p, Exg2, Pdr5, Pma1p, Thr1p and Zrt1p) were substantially different between mother and daughter cells, being more than 30% greater in mother cells ( Fig. 2B and Fig. S4 in Supporting Information). In the case of three proteins (Dcs2p, Rtn2p and Zrt1p), large fractions (more than 60%) were occupied by preexisting older versions in mother cells (Fig. 2B and Fig. S4 in Supporting Information) . In other instances, by contrast, a relatively high proportion (more than 60%) was newly synthesized during cell division even in the mother cells ( Fig. 2B and Fig. S4 in Supporting Information). Thus, the proportion of the preexisting older versions in each protein varied, which may reflect their half-lives and turnover rates.
Gene ontology (GO) analysis showed that cellular components of the cell periphery, cell wall and cortical endoplasmic reticulum (ER) were significantly enriched categories in the 21 identified proteins (Table 1) . Many proteins associated with the cell periphery were plasma membrane transporters and proteins related to cell wall biosynthesis. Proteins localized in the cortical ER included tethering proteins for the ER-to-plasma membrane (Ist2p, Tcb1p and Tcb3p). mRNAs encoding Ist2p and Tcb3p are localized at the bud tip immediately after bud emergence (Takizawa et al. 2000; Shepard et al. 2003) , in line with our finding that the synthesis of these proteins occurs predominantly in daughter cells. In addition, two enzymes related to amino acid metabolism (Asp1p and Thr1p) were found in 21 identified proteins. Many of the asymmetrically inherited preexisting proteins identified in this study are localized near the cell periphery. However, this trend was not general but specific to a certain group of proteins, because the proportion of preexisting version that occupies the entire proteins in the cell periphery showed no significant or marginal difference between mother and daughter cells (Fig. S5 in Supporting Information). Among cell periphery proteins, cell wall-related proteins play roles in maintenance and construction of yeast cell shape (Klis et al. 2006; Okada et al. 2014) . However, it is controversial whether changes in yeast cell shape are responsible for yeast aging (Jazwinski 1990; Denoth-Lippuner et al. 2014) . It seems to be an open question that proteins related to the cell wall are implicated in aging through morphological changes.
Comparison with previously reported asymmetrically inherited proteins
We compared the 21 asymmetrically inherited proteins with those previously reported by the use of strategies focusing on asymmetric segregation between mother and daughter cells of budding yeast in terms of protein age or quantity (Thayer et al. 2014; Yang et al. 2015) . Thayer et al. (2014) found 21 LARPs that are retained as aged proteins in mother cells that underwent approximately~18 cell divisions. Yang et al. (2015) reported 74 motherenriched proteins that are asymmetrically distributed and consequently increased abundance in mother cells within one cycle of cell division. The latter study measured differences in fluorescent intensity of GFPtagged proteins between mother and daughter cells using flow cytometry, but not analyzed an asymmetrical difference in protein age, unlike in our study. Of the 21 proteins identified by our strategy, three proteins (Bgl2p, Pma1p and Thr1p) were commonly found as LARPs and five proteins (Itr1p, Pdr5p, Pet10p, Thr1p and Zrt1p) were shared by mother-enriched proteins (Fig. 2C) . The proteins that were identified as LARPs or asymmetrically inherited preexisting proteins identified in our analysis and were also recognized as mother-enriched proteins are likely to undergo asymmetric segregation in respect to both protein age and quantity. This category contains seven proteins (Fig. 2C) , indicating a possibility that both the accumulation and deterioration of these proteins in mother cells can influence the aging process. Only three proteins (Blg2p, Pma1p and Thr1p) were common between our identified proteins and the previously reported LARPs (Fig. 2C) ; the proportion of coverage by both studies was low (less than 15%). In LARPs analysis, after proteins are pulse-labeled with a heavy isotope, yeast cells are grown without the isotope for a period of~18 cell divisions, followed by enrichment of aged mother cells. The remaining heavy isotope fraction of each protein is quantified with mass spectrometric analysis to determine old-age proteins asymmetrically retained in aged mother cells. The major difference in experimental procedure between the two studies is the period to trace older proteins. We examined asymmetric inheritance over one generation, whereas LARPs are old-age proteins that have asymmetrically accumulated in mother cells for approximately 18 generations (Thayer et al. 2014) . In the strategy for detecting LARPs, modest asymmetry of retained older proteins would be below the detection limit during repetitive cell division. In contrast, our method, at least in principle, has an advantage that we can detect slight difference in asymmetrical inheritance. Increasing the coverage of mass spectrometric analysis and further optimization of cell purification in our experimental procedures, as discussed above, would enable the identification of more proteins recognized as LARPs. Furthermore, in our approach, both mother and daughter cells are subjected to quantitative mass spectrometric analysis; therefore, preexisting older proteins asymmetrically inherited by daughter cells could be identified, even though we scarcely found any such proteins here.
Shortcoming in our method is that identified proteins are not restricted to aged proteins and observed asymmetrical inheritance within one generation is possibly not directly related to the cellular aging. An alternative practical use of identified proteins is a molecular marker for mother and daughter cells, such as bud scar and Ash1 mRNA (Long et al. 1997; Takizawa et al. 1997; Chen et al. 2003) . Nevertheless, given that labeling ratio is varied by growth rate and duration after cell division, it seems to be difficult to use asymmetry of identified protein as a molecular marker, that is, 'ID card', to identify mother cells. Even though asymmetrical inheritance of preexisting proteins observed here occurs only within one generation, the cumulative effect over multiple division cycles of a subtle alteration of protein function and/ or marginally damaged molecules might repeatedly affect cellular activity and participate in mother cell aging. 
High-affinity zinc transporter of the plasma membrane + Cell periphery (C,C) Plasma membrane transporters †Proteins indicated with two or more names separated by a slash are identified only by shared peptides in mass spectrometric analysis. ‡Summarized descriptions were retrieved from the Saccharomyces Genome Database <http://www.yeastgenome.org/>. §Plus signs (+) indicate identification by synchronization method 1 or 2. ¶Representative GO categories that were enriched in the 21 identified proteins whose preexisting older versions are preferentially retained in mother cells (CC, cellular component) .
† †Novel identified proteins that have never been recognized as asymmetrically inherited proteins in previous study.
Genes to Cells (2017) Representative results for proteins with significant differences in the fraction of the preexisting older version, which were determined by two-tailed t-test (*P < 0.05; **P < 0.01; ***P < 0.001), are shown here. All the results with significant difference are indicated in Fig. S4 in Supporting Information. (C) Comparison of asymmetrically inherited proteins in budding yeast identified by three studies: asymmetrically inherited preexisting proteins identified in the present study, LARPs that are retained as old-age proteins in aged mother cells (Thayer et al. 2014) , and mother-enriched proteins that show higher abundance in mother cells than in daughter cells (Yang et al. 2015) . Numerals in parentheses denote the number of proteins identified in each study. Protein names found in at least two analyses are indicated along with summarized functions retrieved from the Saccharomyces Genome Database <http://www.yeastgenome.org/>.
Implications and mechanisms of asymmetrical inheritance of identified proteins
Among the proteins that were identified in our analysis and commonly found as either LARPs or motherenriched proteins were the plasma membrane transporters, including Pma1p, which pumps out protons from cytosol and has recently been shown to be involved in the aging process through asymmetric inheritance Zhou et al. 2014) . During cell division of budding yeast, an excess amount of Pma1p accumulates in mother cells . In aged mother cells, enhanced excretion of cytosolic protons by high-abundance Pma1p leads to an increase in pH in vacuoles and to a decline in mitochondrial function (Hughes & Gottschling 2012) . Two enzymes involved in the amino acid metabolism (Asp1p and Thr1p), one of which is also found as LARP, were identified. Depletion of amino acid in the growth medium prolongs replicative life span (Jiang et al. 2000) , whereas an increase in cytosol amino acid leads to a decline in mitochondrial electrical potential (Hughes & Gottschling 2012) and activates pathway of the target of rapamycin (TOR) (Fontana et al. 2010) . Thus, a disturbance of amino acid homeostasis caused by changes in functions of its metabolic enzymes may affect aging process through dysfunction of organelles and alteration of nutrient-sensing signaling pathway. We successfully identified 14 novel proteins (Table 1 and Fig. 2C ) that have previously never been recognized as preexisting older proteins in mother cells, that is, have not been identified as LARPs (Thayer et al. 2014) . Among them were tethering proteins for the ER-to-plasma membrane (Ist2p, Tcb1p and Tcb3p) ( Table 1 ). In deletion mutants for either of these genes, cortical ER dissociates from the region of the cell periphery, leading to constitutive activation of unfolded protein response (UPR) signaling and hypersensitivity to ER stress (Manford et al. 2012) . Thus, it is a possible scenario that a decline in the quality of the tethering proteins caused by the accumulation of older version leads to defects in cellular function, through a disturbance of the stress response to misfolded proteins. Four of five proteins related to cell wall biosynthesis (Ecm33p, Exg2p, Gas1p and Gas3p) were novel identification (Table 1) . Deletion mutant, gas1D, shows an increase in cell size and has chitin deposition in the cell wall and enlarged vacuoles (Popolo et al. 1993) , which is analogous to those observed in aged cells (Jazwinski 1990; Lee et al. 2012) . However, it is controversial whether changes in cell morphology and cell wall composition are causal effects on or consequences of yeast aging (Jazwinski 1990; Denoth-Lippuner et al. 2014) . If the cell wall-related proteins are involved in the aging, it might be mediated by a defect in function of organelles, such as vacuoles, whose morphology and dysfunction affect yeast aging (Hughes & Gottschling 2012; Denoth-Lippuner et al. 2014) .
A variety of mechanisms have been proposed for asymmetrical inheritance of biological components. Diffusion barrier formed by a septin ring limits the diffusion between mother and daughter cells for proteins associated with the membrane structure, including the plasma membrane, the ER and the outer nuclear membrane (Faty et al. 2002; Caudron & Barral 2009 ). Actin filaments also have a central role in the retaining of mitochondria damaged by oxidative stress (Shigenaga et al. 1994; Lai et al. 2002; Ugidos et al. 2010) and of cytoplasmic protein aggregates by anchoring via the heat-shock protein Hsp104 (Aguilaniu et al. 2003; Erjavec et al. 2007; Liu et al. 2010; Coelho & Toli c 2015) . Specific cytoplasmic compartments, such as the juxtanuclear quality control compartment and insoluble protein deposit, contribute to the retention of protein aggregates in mother cells (Higuchi-Sanabria et al. 2014; Nystr€ om & Liu 2014a; Coelho & Toli c 2015) . Thus, what mechanisms are involved is likely to rely in part on intracellular localization and association with organelles, but how and to what extent specific mechanisms regulate asymmetrical inheritance of particular proteins remains important question.
Conclusions
In this study, we designed and proposed an experimental strategy by which asymmetrically inherited preexisting proteins during cell division of budding yeast can be identified. This strategy permitted us to identify 21 proteins preferentially retained in mother cells, which includes 14 novel proteins that have previously never been recognized as asymmetrically inherited proteins. Among identified proteins are plasma membrane proton transporter involved in the aging process (Hughes & Gottschling 2012; Henderson et al. 2014; Zhou et al. 2014) and ER-to-plasma membrane tethering proteins associated with the stress response to misfolded proteins (Manford et al. 2012) . Thus, our method presented here would be a useful strategy for making and extending catalog of asymmetrically inherited proteins, which can influence replicating aging. Our future interest is to study whether the elimination of preexisting older proteins and de novo synthesis of their counterparts by a controllable system can extend life spans, which will directly show the involvement of asymmetrically inherited older proteins in the aging process.
Experimental procedures

Yeast strains and cultivation
Saccharomyces cerevisiae strain BY4741 (MATa his3D1 leu2D0 met15D0 ura3D0) with the bar1 deletion was used in this study. Yeast cells were cultivated at 30°C in YPAD medium (1% bacto yeast extract, 2% bacto peptone, 2% glucose and 0.2 g/L adenine) or synthetic complete medium (6.7 g/L yeast nitrogen base without amino acids, 10 g/L succinic acid, 6 g/L NaOH, 20 g/L glucose, 0.1 g/L adenine, 0.1 g/L uracil, 0.2 g/L leucine and 0.1 g/L each of 19 amino acids other than leucine).
Synchronous culture by two different methods
To yeast cells in a logarithmic growth phase in YPAD medium, a-factor (Peptide Institute, Osaka, Japan) was added at a final concentration of 0.3 lM, and yeast cells were subsequently cultivated for 2.5 h to achieve complete arrest in G 1 phase. After the cell walls were labeled with biotin, yeast cells were relieved from G 1 phase arrest in complete synthetic medium by the addition of pronase (Calbiochem, San Diego, CA, USA) at a final concentration of 0.2 mg/mL. At the same time,
13
C 6 -leucine (Cambridge Isotope Laboratories, Tewksbury, MA, USA) was added at a final concentration of 0.2 g/L. This procedure is referred to as synchronization method 1. In synchronization method 2, yeast cells were grown in YPAD medium for 48 h to postdiauxic phase. Cell surfaces were labeled with biotin, followed by cultivation for 200-210 min to obtain many newly born virgin cells that were enriched in G 1 phase. Biotin-free virgin cells were collected as the flow-through fraction in the cell separation procedure using streptavidin magnetic beads. G 1 phase-enriched virgin cells were labeled with biotin and then cultivated in complete synthetic medium containing 13 C 6 -leucine (Cambridge Isotope Laboratories). This procedure is referred to as synchronization method 2. After synchronous culture for 100-120 min (method 1) or 140-150 min (method 2), approximately 1.2 9 10 9 cells were collected and subjected to the cell separation procedure. For the determination of the budding state, yeast cells were fixed in 5% formaldehyde and budding states were counted using a Burker-Turk hemocytometer. The budding states were classified into three groups: no bud, a small bud and a large bud. A small bud was defined as a bud smaller than half the diameter of the mother cells, and a large bud was defined as larger than half the diameter.
Biotinylation of cell surfaces and cell separation using streptavidin magnetic beads Yeast cells were labeled and mixed with EZ-Link Sulfo-NHS-LC-Biotin (Thermo Fisher Scientific, Waltham, MA, USA).
After washing with phosphate-buffered saline, yeast cells were cultivated for a period of one generation in complete synthetic medium and then mixed with streptavidin microbeads (Miltenyi Biotec, Bergisch Gladbach, Germany). After that, the cell suspension was applied to a MACS LC Column (Miltenyi Biotec). Flow-through was collected as the fraction enriched in virgin cells or daughter cells, and adsorbed cells were collected as the fraction enriched in mother cells (refer to Supporting Information for details).
Mass spectrometric analysis for extracted proteins from yeast cells
Protein extraction from yeast cells, digestion of proteins into tryptic peptides and their fractionation via isoelectronic focusing were performed according to our previous report (Kito et al. 2016) . Fractionated peptides were analyzed with a LC-MS/MS system consisting of a LTQ-Orbitrap mass spectrometer (Thermo Fisher Scientific) and a DiNa nano LC (KYA Technologies, Tokyo, Japan). In order to identify peptide sequences, the acquired MS/MS spectra were subjected to a database search against protein sequences of S. cerevisiae. The ratio of peak intensities between labeled (heavy) and nonlabeled (light) precursor ions was quantified (listed in Tables S2  and S3 in Supporting Information), from which the labeling ratio (heavy/light) for each protein was calculated as a median (listed in Tables S4 and S5 in Supporting Information). Details are described in Supporting Information.
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